Abstract. 3C-SiC films were grown on Si by VPE using CBr 4 as the carbon source, at temperatures ranging between 1100 to 1250°C. XRD, TEM, AFM, and SEM results indicate that the epitaxy proceeds as a 3D growth of uncoalesced islands at low temperature, whereas a continuous layer with hillocks on top is obtained above 1200°C. The shape and faceting of the islands are analyzed by AFM, showing (311) preferred facets.
Introduction
The growth of 3C-SiC layers on Si substrates using Vapor Phase Epitaxy (VPE) with precursors such as silane, chlorosilanes, propane, methane and methyltrichlorosilane is still the most widely used, but a common problem in SiC epitaxy is the tendency of Si to precipitate from the vapor, which can be reduced by the use of halogenous precursors [1] . CBr 4 is used as a dopant during the MOVPE of III-V compounds [2] [3] [4] and is preferred to CCl 4 because of the lower bond strengths of C-Br relative to C-Cl (CBr 4 56.2 kcal/mol, CCl 4 73 kcal/mol). Thus the bromide synthesis may offer alternatives that could be used at lower temperatures or lead to a better compositional control. In this paper we describe the use of carbon tetrabromide (CBr 4 ) as carbon source to grow SiC layers after the carburisation step. The films, grown on (001) and (111) oriented substrates, were characterised by X Ray Diffraction (XRD), Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM).
Experimental 3C-SiC layers were deposited on 2'' Si wafers in a home-built VPE reactor using gaseous SiH 4 , C 3 H 8 (both 3% in hydrogen) and CBr 4 from a bubbler. The growth procedure was performed at atmospheric pressure with a H 2 carrier flow of 2000 sccm and consisted of substrate thermal etching at 1000°C for 10 min, carburisation with propane between 400 and 1100 °C and epitaxial growth in a mixture of silane and CBr 4 using a C:Si ratio of about 1.8. XRD spectra were collected in the 2Θ range 20-60°, using conventional Bragg-Brentano geometry on a Siemens D500 diffractometer with a Cu radiation and a Ni Kα filter. The morphology was observed using a Cambridge S360 SEM electron microscope. AFM was performed on a Digital Instruments Nanoscope IIIa and the data were processed by Gwyddion software package. Transparent TEM specimens were prepared by Ar+ ion milling at 10 keV, finished at 3 keV. TEM images were taken on a Philips CM20 working at 200 kV.
Results and discussion
The films were grown at 1100 °C, 1200 °C, 1250 °C. The XRD spectrum for the sample grown at 1200 °C shows that a single (200) SiC peak is observed at 41.5° (Fig. 1) ; an estimate of the FWHM of this peak is about 0.7°, typical of SiC heteroepitaxy on silicon.
TEM studies confirm the samples are crystalline with 3C-SiC structure, as verified by selected area electron diffraction. Cross-sectional micrographs (see Fig. 2 ) show that no defects such as micropipes or wormholes are present in the substrate and that the epitaxial growth and substrate coverage depend on the temperature. The TEM analysis shows that at lower temperature SiC grows on Si as isolated monocrystalline islands, without an initial 2D layer coverage (Fig. 2a) . As the temperature increases above 1200°C, a 2D SiC layer is nucleated (see Fig. 2 b,c) , but islands and grains incompletely buried or overgrown on top are observed by AFM and SEM ( Fig. 3 and 4) . In TEM cross section well faceted prismatic crystals are seen in the sample grown at 1100°C (not shown here), although very few defects are seen in these crystals on the dark field TEM images, since most of the stacking faults are formed when the 3D islands coalesce. A typical SEM micrograph of a sample grown at 1200°C is shown in Fig. 3 . Islands emerging from the surface with well developed facets are clearly seen. The surface morphology has been more deeply analyzed by AFM, which permitted to measure the dimensions of the 3D structures, the inclination and the orientation of the facets. A typical AFM image of the sample grown at 1200°C is reported in Fig. 4 and shows the presence of large prismatic grains 2 µm wide and 1 µm high. It is worth noting that such structures were not present if a standard growth of SiC using only SiH 4 One of the general features of the growth of SiC using halogenous precursors is the formation of crystals with well-developed facets. We report here the analysis of the facets in two samples, grown on (001) and (111) oriented Si substrates (Fig. 5) . On (001) substrates the islands appear as square pyramids with a base length of about 1.5-2 µm and an average height of 0.8 µm (Fig. 5a) . A small variability in the pyramids shape can be observed, depending on the temperature and location on the wafer, but the angular plot (Fig. 5a, inset) shows a family of sharp peaks around angles between 23-27°, near the calculated value of 25.2° corresponding to the {311} planes. The other wide bands observed in the plot correspond to the facets at the base of the pyramids. The observed variability and angular spread may be due to a slight misalignment of the sample under the AFM or a growth slightly tilted from [001]. On (111) oriented substrate, the islands appear as polyhedral hillocks with facets belonging to the family of {311} planes. This assignment is supported by the angular distribution (Fig. 5b) [5] found GaAs nanocrystals forming faceted domes with {311} and {111} facets. As a general result, {311} planes seem to be stable facets for the 3D growth of compounds having the zinc blende structure under certain conditions. The (100) SiC facet does not seem to be a favored growth facet, at least in these experimental conditions. However, we found that excess carbon in the reactor, by the addition of C 3 H 8 to CBr 4 in the gas phase, seems to reduce the tendency to faceting, suggesting that high C:Si ratios are required to grow smooth SiC films on (100) Si. Faceting in SiC is indeed difficult to interpret because of several concurrent factors taking place during the growth (precursor decomposition rates, precursor concentrations) but the high index {311} planes seem worth studying for growth purposes to see if a greater degree of smoothness can be obtained on epitaxial films under certain conditions.
Conclusions
3C-SiC films were grown on Si using CBr 4 . Defects like voids, wormholes, or roughnening were not observed at the SiC/silicon interface. These experiments demonstrate that it is possible to grow well crystallised and oriented 3C-SiC using carbon tetrabromide if an adequate carburisation is performed. Well-developed facets are observed, a feature that is commonly seen when using halogenous precursors. In fact, SiC grows epitaxially even at 1100°C but the growth mode is 3D with island formation rather than 2D planar. The faceting has been analysed using AFM and TEM revealing that the stable facets in this growth conditions appear to be {311} planes for films grown on both (111) and (001) silicon substrates.
